A general and practical route for the synthesis of phosphorus compounds containing trifluoromethyl or trichloromethyl groups by a one-pot condensation triphenylphosphine and dialkyl acetylenedicarboxylate in the presence of an NH-acid such as 2,2,2-trifluoro-1-(1H-pyrrol-2-yl)ethanone or 2,2,2-trichloro-1-(1H-pyrrol-2-yl)ethanone is described. The product obtained from the fluorinated compound undergoes an intramolecular Wittig reaction in boiling THF. This method offers a simple procedure for the preparation of dimethyl 1-(trifluoromethyl)-3H-pyrrolizine-2, 3-dicarboxylate.
Introduction
The pyrrolizine derivatives have attracted considerable attention since they are used for antiinflammation, and analgesia 1 , as aromatase 2 and tumor inhibitors 3 . Recently, a very large family of natural products such as alkaloides containing pyrrolizine systems which are isolated from plants, insects, animals, marine organisms and microbes having biological activities occupy an important place in the realm of natural and synthetic organic chemistry 4 . Although there are some reports regarding the chemistry and synthesis of such compounds, [5] [6] [7] [8] [9] [10] [11] in view of the above observations, and as part of our program that involves the synthesis of new heterocyclic compounds, 12, 13 we report here the preparation of new phosphorus compounds and dimethyl 1-(trifluoromethyl)-3H-pyrrolizine-2,3-dicarboxylate in good to excellent yields.
Results and Discussion
It is known that the reaction of acetylenic esters and Ph 3 P produces the intermediate 2 which is sufficiently stabilized by resonance 14, 15 . Thus, compounds 4a-c were apparently obtained from positively charged ion is attacked by the nitrogen of the conjugated base of the NH-acid to form phosphoranes containing several functional groups 4.
It is worthy to mention that although the reaction of PPh 3 with compounds containing Cl groups, such as CCl 4 and hexachloroacetone, has been reported in the literature, [21] [22] [23] during the course of our studies we have not observed the products derived from the nucleophilic attack of the PPh 3 at the Cl groups in compound 3a. Apparently, under the present reaction conditions the intermediate 2, in which the phosphonium ion is conjugated with α,β-unsaturated esters, is formed faster than Ph 3 P + -Cl. However, the reaction conditions that we were used are much milder than in the Ph 3 P/CCl 4 procedure which typically is run at ambient temperature for 1-2 days or at 60-80˚C for several hours. Scheme 1 1 H NMR, 13 C NMR, IR, mass spectra and analyses data. These data are consistent with the presence of two rotational isomers. The ylide moiety in these compounds is strongly conjugated with adjacent carbonyl group and rotation about the partial double bond in 4-(E) and 4-(Z) geometrical isomers is slow at the room temperature. 
ARKAT
Compound 4a undergoes a smooth reaction in boiling THF to produce triphenylphosphine oxide and dimethyl 1-(trifluoromethyl)-3H-pyrrolizine-2,3-dicarboxylate (Scheme 2) 5. Structure 5 was assigned on the basis of their elemental analyses, IR, 1 H, 13 C NMR and mass spectral data.
Thus the 1 H NMR spectrum of 5 in CDCl 3 exhibits two signals at δ= 3.88 and 3.91 ppm for the methoxy groups along with a signal at δ= 4.76 ppm due to methine proton. The aromatic protons appear as a multiplet signal at δ= 6.71-7.69 ppm. Several examples are known in which a heterocyclic compound is produced from a phosphorus ylide connected to a carbonyl group by a chain containing a heteroatom. 24, 25 Thus pyrrolizine derivative 5 may be considered as a product of an intramolecular Wittig reaction. It is known that the 3H-pyrrolizine derivatives can be tautomerised to other isomers such as 1H-pyrrolizine and there are evidences in which 3H-pyrrolizine derivatives were reported as intermediates in the synthesis of 1H-pyrrozilines. 26 It is important to note that only compound 5 was isolated from the reaction mixture and compound 6 was not formed. 1 H NMR data were used to distinguish between structure 5 and 6. A singlet for methine proton at the 1 H NMR spectrum at 4.76 ppm with the integration of 1H is a good evidence for the formation of compound 5, while in the case of compound 6 the corresponding methine proton should reveal a quartet due to the effect of three adjacent fluorine atoms.
With these results in hand, we next tried to study whether functionalized phosphoranes containing CCl 3 group could be used as intermediates in the preparation of pyrrolizine derivatives including trichloromethyl group. It was assumed that heating of phosphoranes 4b-c could be used for this purpose and dialkyl 1-(trichloromethyl)-3H-pyrrolizine-2,3-dicarboxylate 7 is the product through an identical pathway, the same reaction observed in the case of compound 5 (Scheme 2). However, the expected pyrrolizine 7 was not formed when phosphorus ylides 4b-c heated in THF, and the 2,2,2-trichloro 1-(1H-pyrrol-2-yl)ethanone 3b, acetylenic esters 1 and PPh 3 were obtained instead, although CCl 3 group is similar to CF 3 group and can act as an electron withdrawing group by inductive effect and thus the connected carbonyl group to it is very active for attacking of the ylide moiety. The reason for such a difference between products from compounds 4b-c and product from the reactant 4a is not clear to us, but steric hindrance of CCl 3 group might play an important role in these reactions. Although we have not established a mechanism for the formation of compound 3b in an experimental manner, a reasonable possibility has been shown in Scheme 3. In this mechanism it is assumed that the fragmentation of compounds 4b-c has occurred by the formation of a double bond as driving force in intermediate salt.
Scheme 3
In conclusion, we have revealed a novel and efficient multiple component condensation reactions for the synthesis of heterocyclic compounds including an ylide moiety, which can be employed for the preparation of pyrrolizine derivative containing trifluoromethyl group.
Experimental Section
General Procedures. Dialkyl acetylenedicarboxylates and triphenylphosphine were obtained from Merck Chemical Co. and were used without further purification. Compounds 3a-b were prepared according to the reported procedure in the literature. 27 Melting points were obtained on a Gallenkamp melting point apparatus and were uncorrected. Elemental analyses for C, H and N were performed by the University of Tehran using a Heracus CHN-O-Rapid analyzer. IR spectra were measured on a Mattson 1000 FT-IR spectrometer. 1 H and 13 C NMR spectra were recorded on a BRUKER DRX-500 AVANCE spectrometer at 500 and 125.77 MHz, respectively. Mass spectra were recorded on MS-QP2000A Shimadzu mass spectrometer operating at an ionization potential of 70 eV. 
